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1.9 cm. dia. ELECTRODE 
m=. 

CEAXXZAFS M~LLI.UN: Tk dixuwion will 
he 02e”ed by Dr. Zieniowic:. 

cx. z i m m w i c z :  I: .nzs a ;,!:c:sure .o r d  
the paper of Dr. XzrkovicE on technics1 fun- 
d~ix~zk! ;  ;:? : e + ~ ! r  c! ~!-.enencx-pheb_e- 
rcplny (REG).  When I be;;:: the eva!untion 
oi this method in l960, thxe  had h e n  n o  
s :udie  in this coun:ry an the phyaicn!, cx- 
perimmtal, and clinical a%p.rts of h X .  At 

the Fifth Intrriintional Confcrcncr on Mcd- 
ird Elcrtronics in  July 1 x 3  at Lirgr. &I- 
giurn, a roundtable conferpnce was organized. 
As chairman of that meeting I exprascd my 
opinion on the current state of rhcancepha- 
lograpby. 

THE P R ~ E N T  STATUS OF STANDAHD 
-1. *-,, I EOEN - CEPH ALOCRA PRY 8 EC ) 

in  starch of a method lwrmitting continti- 
ow, rrpetitibe, and aafe monitoring of cir. 
cufatory dynamics in thc. iirain. thr rlrctric 
impdance plethysmography. a1.w c.allcd rhr- 
ography, has lwen applied fby the author. I t  
is based on a Iong-known principie that differ- 

t si- 

6.3 cm dia ELECTRODE - 
12. 

ent timuea offer varying resistance to b 
~ s ~ * ; e  of an electric current. Conhctidq 
for h e  alternating current was already u d  
4.0 years ago in surgery to differentiate be- 
tween noma1 and tumor : i ~ . . u e . ~ ~ ~ ‘  Investi- 
gation on living organism d i s c 1 4  better 
conductivity when the amount of blood in- 
creases in a given timue volume IW it occurs 
during each arterial pu!se wave. Improved 
inntrunrmtation for gcrirreting alternating 
rurrcnt for amplification, ns wrl l  aa recording 
and measurement, permits us to obtain and 
compare tracings taken simultaneously from 
two symmetrical areas of circulation. Record- 
ings of arterial blood pulsation from the head 
require mole advanced equipment and trained 
personnel for correct app!icatIon nnd intcrpre- 
tntion. Rhcoencephalography. as compared 
with the early stages of the detelopment of 
electrorncephaiorSraphy, has some sirnilaritie. 
The EEC rnrthod rcquircs an elahoration, 
tmplification, and recording of one modaiity 
-the hiw!ectric activity of the hrain. The 
REG also rquires  amplification and rcgistrn. 
tion technics for the output of a. c. currefit, 
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hrrt in addition it has ano5er  wurce of 
va r iahi I i t y-name1 y, many di fferen t outputs 
applied to the examined head by different 
apparatuws. Various currents differing in 
frcqurnry. wave. length, intensity, and so 
forth. are in use. 

The rrsult is obvious: a !a& of possibility 
for cornpsriwn o f  t r a r i n p  obtained 'with 
equipment differins in generating and rc-cord- 
inp sywifirntions. Tiir rlccfronic. industry 
hu ihb  and rrrk a vnrirly of r h g r a p h  or 
r ::et encc phalogrnp hn. s r  irn! ieIs t rc cf ircou r. 
q r d  Ity pmr rmultr obtnincd whrn rining 
irnreliahic rquipmtnt. A few Europran 
papers and one American paper dkvowed 
this method for cerebral circulatory study. 

Them is obvious Mtd for standards which 
would give industry proper specifications in 
order to provide god instruments to the 
lshoratory or hospital for reliahlc application 
and interpretation. Tho eCforts for RFA; 
&rnc!ards c!!ould h b e d  on well-contrdJcd 
h i c  physical and pAyEida-cni studies and 
c h i d  iavzstigation. A n  intermtio~nf firm? 
rbxx&? prexnt  o draft for an agreemeat on 
3% irLtmmentrtion, and it should prcznt 
Srsic rulm for REG interprctction. Attempts 
in this direction were initiated by the nuthor. 

Rieosxeplhalopphy produces tracings 
which pardel pu!se waves iz each cerebral 
hemisphere. Thee nxord inp  are t&en from 
o fmn!ore-trornasoid plrament  of drctrodes 
on bo3 aides of &: z d p .  Hemispherical 
REG ia tzrc cilEEii "stnndard" Lccacje it is 
ECW wi2:Iy cmlied a d  zc~ptcsrl.~"JO 

A rmkw of p&!:r:-.:d cpto-dsic mh 
~ : Z W Z ~ Z * ~  s frby:z.t -m of the REG 
m-d~d f ~ :  clinicd ~ $ i ~ i i o n  without adc- 
qpee  calibration. rvi5ost preyions eudy on 
rd& OP cxprrimmtsi meterial. Unfortu- 
r&y, them have E=,- &o etmgm to evalu- 
e 2  h a  ob~k.d w h n  wizg ir,;dqaate in- 
@==&tion act2 imppeer ta5nic. This 

explain some p q x m  on R E  with incon- 
d d v e  ruslts or with the interpretation of 

Sy t is a tracing essentially or 
d y  extracranial i n  

Our hasic end exyrimrntal  studim will he 
published in the near huture. They indicate 
that :he cerebrd b!ood ~ ~ p p l y ,  not the extra- 
cranial. circulation. is decisive in standard 
REG ciprivation. Pericranial and cranid cir- 
cukkm plays B negligible role as compared 
ta ::.e ir.:rar:~nisl--nnnrly, cerebral blood 
Wow. ?his is confirmrd by the Kety-Schmidt 
qusntit;:i\c R: i i c f l rc ,  with cxtracranial psrtic. 
ip5:itm in  an zvtra1;r of-2.7 ptr a n t  of totrl 
jup!":  vriu I L w  ' ' . la  ')1 F*or thc n,ajority o f  
invcA;y;;nrs, :!N ~.~anciitrtl trnc ing from J d i  
hcmi ; ) f w i C h  iz;,:~a:s 10 ztii5ce f ( J f  rrrr1,rnl 
circiiiarory 5tiiii;rs. Very frw tried to din- 
tinpri.sh h w c m  thc rircuintion in the carotid 
arteria and in the vcr tebrs l -bdar  system, 
or belwren the aflerial branches above the 
circle of Wiliis. IC is impocsible to compare 
the ?r;ns\emi fror~t~!, temporal. or mipi te l  
REG with one eiectrode on each side of tSe 
ex:r,inrd area, because distances between 
the eIcc:rodes vary, es do the amount of tissue 
VG:U..: m d  t1.r ci;cda:ing blood. Tlie relo. 
tiortI:ip t,etwe.-R :ir t rncinp CM only b 
vr,t&.j tum.isPC. it 2x1 be nniizcci h t  o 
id%: is onr unihterd region rcny be con- 
c d d  by aorrxl or compensatory increa.4 
ciiri!c:ion in :he o p p i t r  side, since the 
d i t p n a r  plswxent sums the supply of both 
sic&. Conscqsently, it  is very difficult, or 
evcn iqmsit le ,  to compare quantitatively 
and in:erpret transvenie REG.'JfJs 

Fro= standard hemispherical REG, it i s  
a!= (4;3cuh or impocyib!e to diagnose a srnzall 
circoictory dcScit or  to discover a rcjtricoed 
nrea of impaired supply, h-usc of the bulk 
of tirzut wi:h xonr,3l or impeased cornpen. 
=tory neerial flow. It would be of great 
importance to iocsiize m r p  exactly the sitr 
of circii1e:oiy impzirment and to foEow in- 
creasing deficit in Lbod supply, or to observe 
the devdopmmt of spontaneous or pharma- 
~ o l ~ g i c d f y  aided coilatera1 circulation. 

During 1361 2nd 1962, a trchnic of addi- 
tional rheographic studics wod developed by 
the author.'' '' Tlnrc no-called regional REG 
conailtts in I+&r a i d  hilatrral sirnultaneow 
tracing from aJfVCr medl electrodrs The 
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fo2o;ring dpiivstions are uwd: hi frontal, 
hitezprd,  biparietal, and himipital. The 
trecings ref;=: fiuctustions in blood  upp ply 
in the regions of anterior cerebral srteries, 
middle cerebral arteries, and the vertebral- 
ba i le r  system. Standard REG $ves a gen- 
erd orientation in the circulation of the left 
arid right internal carotid artery. Regional 
8E.G pernits us to evd~ate  the circulatory 
ccsditioxi cbove &e circie of Wiliis, in the 
f&wisg q u e n c e :  f r o n d  l o h  (anterior 
CrXhid n r k r j ) ,  !cXlprEI and psrictal lohm 
jiG&& cerebral artery), and, fina!ly, wcip- 
it21 13!)25 (vertchml-hoaihr artrriol syntrrn) . 
Our cnpricncz durin:j experimental and rlin- 
icd oFratiom on the brain, and r e s i h  of 
c h i d  c s m  cor idc td  with additionnl find- 
i n s ,  wrn to indiate that the rppIic&on of 
standard and re~onal  REG may be of heip 
in more excct diagnwis and prognosis of 
cerebrovascular diseases and/or conditions 
which caw circulatory disturbances in the 
Srcin. 

' Ec  @sbica l  setup of electrode placemeat 
is &m in f i p r t  13. fin Pcccs;ory dectrde 

panel for 23 connections with rnaster switch 
stkctor enahk  us to make a programming 
with Seven nins on aix recording chnnneh. 

The normal REG is in runny respects sIm- 
ilnr to the extracranial internal carotid artery 
or to any peripheral rheogram or plcthyslao- 
g r m .  However, t!c cranial rheogram has 
lower amplitude of pulsations than peripheral 
tracings, h p  steeper inclination, and a dightly 
difierent form of devction with two rounded 
p&s. 'h a h v e  diiTerencca between cere- 
bral and -peripheral rhrograms arc due to the 
rigid wnlb o f  the cruniai cavity. the existence 
oi in:racrcniel pr~~-xm-,  conntmit out flu# 
of V C Y ~ O I I ~  I J t w d ,  nncl of inmrnprr4hlt! h i t  
movehle rerrSroqha1 h i d .  

REG trecings tekcn from tbc .so-called nor- 
mal individuals indicate that the c o r n p l d ~  
s'jmrnrtricnl REG in all derivations is infre- 
quent. It is more frequent in the first decades 
of life. This is in accordance with the am- 
t o m i d  aspmetr ies  in carotid, basilar, and 
circ!e of Willis s y s t c ~  nzd in later-life aspl- 
netria, mainly 2uc to c~,nridemtic 
c b n ; ~ ~ .  in this iqxct, the r e p t d  aerial 

. .  . .  
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REG examinations are of vest rolue. Cert- 
bral circulation in normal in4ividual.s mny 
be disiurbed hy sar iow !ac:ors. 

A boy 14 years old, apparently healthy, was 
ex=xizcd ,  zzd in me- nf the rxsmina- 
tion the amplitude diminished very msr!cedly 
and moreover became inrgulcr (figure 14). 
h n  afterwards he hegen complaining of a 
wvere headache which rapidly increased in 
intrnaity. When hc began to wrc-l>, tfir c a m -  
ination wns interrirptcci. I t  W W  rhrn disc;, :- 
errd that ht tind hsd n o  fwed.fs21 and hi? hint 
meal was token 15 hours ago. Hr, wa5 given 
warm. heavily augored tea and a nandwich. 
Toward thc end of the meal the hcadncha 
begen to disappear and the patient soon 
idurn& to Go i ~ o m a !  %If. REG WES re- 
sumed with &e szme placement of e1ec:rodes 
and iErs;ical technical conditions. Respira- 
tory pneano;rom showed normzlization in 
rhythm and p t te rn .  ECG w t s  also much less 
arrhythmic, but the increase in REG nnpIi- 
tude was much slower and the REG lost its 
irregular pattern only ~radua!ly. The pnt i~nt  
fell spontaneously nslrrp, and then fu!l nor- 

malization of his REG occurred. We rnby 
conciude that the disturbanccs in cerebral 
circulation in the form of irregular and dim- 
inishing arterial puhtions,  with symptoms 
of violent headache. were a result of alimtn- 
tary hypoglycemia. 

An uymptomatic but very o k  volunteer 
female, 6.5 years old, demonstrated in Novem- 
Iwr 1933 very marked cardiac arrhythmia 
with frustrated cardiac nystok and 3ome- 
tiniro with rxtrouyntolc-thw irrrgdaritim 
inatantancou8ly nfffrc-ting thc cwrtmil r h w  
gram f f i p r c  IS). Tbrw trc:currc.d in stand- 
ard hemisphericel and in regional frontal 
derivations, OJ well cs i n  regional occipital 
derivations (figure 16), with $light vascular 
c!is:u:ha~es akeroma:ous in character in 
the vrrtebrdbasilnr system. It should be 
mentioned that this woman was subni:td 
7 weeks late: to an urgent gall bladder opeera- 
tion and died 2 days later in the hmpital oi  
a heart st:ack. 

Standard or ticmispherical REG does not 
usually permit US to a+cs~  restricted and 
more locnlizcd dibtur l~anct~ in ainKle cerel,ral 
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r r t c r i a .  For more precirse evd!cntion o! 
intense or smaller cerebrd circdatory i r z 5 -  
cirncy, regional REG may Dc of co~.siderzhle 
value. Simultsncous monitoring of cardiac 
action wit!! cerebrcl and ocular pulsstiona 
p-rrnitb us to dingnow rirculntory disturb- 
nnrm raurstl by carciiac and/or vnrruidr 
fnrtoru. 

E h m m c p h r l o g r ~ p t y  mny he npplicul ns an 
cdditionrl diagnustic mrthod in the !oflowing 
mnditiom : 

1. r?nttomicd chcnga in veaseb c a d  
4y c:tcroxfcrosis, vmuiar  occlusion with 
h o m k s i s  or rmhliam, and by aneurysm 
or artrriovcnoua malformation. 

2. fnthologirsl di.wrdrra that arc: found 
to be of rnrtiine or aortic origin. 

3. Tfit inflticncn of hrmicrrnin or w r d r r d  
ci d a t i o n .  
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crrriwa! .hod !k;t mczurtncn; io man. A.M.A. 
!.rcr. ?at,irol. 9:GI5-622, 1963. 

10. L f  l i t ,  -L: 2!.~--r.ctphakgrcphp, I urd 11. J. 

4. Cerebrrl edema, cs after contusion, end 
hte results of broin injury. 

IS. N;Swr. J.: Electric ?rnpdz.;..te Pletbpmo;:aphy. 
SP;ingi?e!d, 111.: Char la  C Tnomrp. 1959. 

16. Ss?im:rin. L. A.: ?,<easirrrment of cephalic 
end cerebral blood flow fractions of the cardiac 
ou:put in man. J. Clin. Invrst. 41:1929-1935. 
1362. 

17. Srhr inbrg ,  P.: Appliccfion of tdrei  flow mrnr. 
ummcntr to fu tu re  inventigationn. In  Crrebral 
Vnwular i;i*rarwa, cds. Ii .  C. Sirhert anti f .  i'. 
Whinnnnt. N r w  Yo&: (;rune p1 Stratton, ]%I. 

18. Schmidt. C. F.: Crn:ral ncrvoiis nys:rm cirrirla. 
tinn. !lui& and t , r i : r r r rbintr~irr t ion.  I n  Iland- 
bonk o! Physiology. Section I : Nrurophpiolngy. 
3:1745-1759:). Washington, I3.c. : American 
Phyaioi. Suc., iW 
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18n.Krty. S. S.: The  cerebra! circulation. In :id- 
book of Physiology, Section 1 : Ncurophysio!ogy, 
3:1751-1760. WuhinKton, D.C.: American 
Phy6iol h., 1960. 

18b. Davinon, H.: Intracrnniai and intrnccular h i &  
I n  Hondhook of Physiology, Scction 1: Neuro- 
physioloKy. 3 : 1761.1?88. U'a<nington. D.C. : 
Anwriran Physiol. ,k.. 1 M .  

19. %icmnowicz-Radvan, 5. A. : T5r rhrogrnlhic 
mrthrid npplircl for rnvorrh ion rm-iilar i i r rula .  
tion ("rhroo~ihthnlmo~raI,tl)." i. f i ivrat .  0,thttial. 
mology 1 :F,?H, I M P .  

30, %irrnnrmicx. IIailvaa. S. A,,  n r ~ i  .b?-wcri ,  E. F.: 
Errrloation of rrtrlirovorriilni :...-rain l,7 r t B - c n .  

cnrrpholography. V.A. ?dr<!. !.e- . .  . ( a n f .  I ' H 2 ,  
p .  1.35. 

21. Zicrnnowicr-Radvan, S. A. : .7-ii,.:~*afial rf:e.xn- 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

crphnlograyhy for htudy of rc:ii<mcl r i rcuIa t~m 
in rerehrovaaculnr disease. Nciirology '.3:35ii. 
1%. 
Zirmnowirz-Rsdvan. S. h.: Technics of dXtren- 
tis! rheograms for monitoring the rrgiono! rircu- 
lation in the brain and in thr eye. ProrttGiws 
5th Interimt. Cmnf. on  Med. E!ectronlcs. Liege. 
1943. p. 84. 
Z i c m n o r i u - h d v a n ,  S. h.: Xhc;:..-cphir L C e x a -  
tial meihod for evaluation of cerc.t:tl and w u ! a  
circula:irm in cardiac an& c,7;i.;,;ub.axru!..r &- 
e a .  k h  Internat. Conpr. of fk-rcr.:oloyy. L p  ri... 

hszrn. Krcrrpta Milrriirs, T C is).%?, :'? C?. Ci, 
Zirrnnowicz-Radvnn, S.  ,$.: Trc::n:;~ jnf rp:.nc:l 

rheogrsphy for monitoring tlrr riiculation i n  rhc 
brain and in the q r .  Proi .  Ifxh Conf. on 
Engineering in Medirine and E;oio,.y, Bahimore, 
Md.. !W, pp. 96-97. 
Ziemnowirz-Radvan, S. A.: Crnnisi electrode car. 
r i r r  for rhroenrephaiogrephy nnd rheoophhni- 
mognphy ( in  prepnrs:ion). 
ZiernnowicJ-Radvan, S. A.: Experimental etudy 
on standard and  rrgional rhenmcephalography 
(REC). (RREC,  ( in  prrpcratioaf. 
Zirmnnwicz-it nilvan. S. A.: Rhrocncrphaloprophy 
(REG) : a diagnostic: mrthod for study of rere- 
hral cirrulzttion dynamics. 1. Prineiplra and 
application ( in  p m ) .  
Ziemnowicz-Radvan. S. A.: Rhrsophthalmog. 
raphy (ROC) A new method for otudirs of rye 
circu1a:ion ( in  pnso). 

CHAIRMAS Sf iLLIKAv:  Yes, Dr. Wright. 
OX. WRICHT: One question of Dr. Mnrko- 

vich. While I think Dr. Ziemnowicr cir- 
%c-loprd still furthrr the qurstion of electrodt~ 
and the importance of standardization, I got 
thr imprrhsion that I t i id riot we in Dr. 
31niLovich'ti prcwntation airy r \  itlrncr i r i  
invor of .smnilt.r clt.c~trt~ic.s, h i t  orily rvidrnce 
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in favor of the larger electrodes. 1s it :rit 
that there i3 no advantage in ; s d e r .  LE ai=- 
pared to larger electrodes, and if so, why kt 
arbitary selection of 6 centimeters? 

DR. LJARKOMCH: Tnere is no zrbitrcry sdec- 
tion; this is a selection of size by :rid. 1 
;hi& that the hest we a n  my is that the size 
of the elrctrode should he at lea* 2% tima 
Inrgcr than the thicknm of the cmbincd 
wnlp arid skull in the area of the r c m r d i q  

f i iA i i iMAN M I L I J K A N :  Ym, I h .  Fhrnett. 
on. RAANETT: I)r. Markovich, I would 

fir-t fikr ti/ congrntulatr: yol: on your excel- 
lent examination of h i 8  p;o€~lem in a acim- 
tific faahion. I would likr to AI& you to 
explain what you mean Ly a unipolar dec- 
trode, and I would als~ eppreciate it if you 
would elaborate on your statement that the 
Po-i:ion of the indifferent electrode was im- 
ma:eriaj. 3 I understood yos correctly, YOU 
stated that the position of the indiflerent elec- 
trode did not infiuence the measuremat. 
58. M A R K O V K C ~ ~ :  You are p a d y  correct, 

sir. We ere rnrmurhk thr 3ignal h t w m  
e x h  ertive rkctrtLc.- 2nd this indderent 
electrode, not letween the two active elm- 
trc#des. 

5%. BARNETT: You mesured only a sig- 
nal -. 

DR. MARKOVICH: From here to the indif- 
ferent. 

I)R. BARNETT: In other words, you measure 
from here to here, and the impedance of each 
of the two current 5ource to the indifferent 
clrrtrode is not affected hy where you posi- 
tion the indifiermt efwtrodr on the woly? 

DR. MARKOVICH: That's right. 
DR. E A R N E ~ :  I would h a w  assumed that 

the impedance Lrtwwn the nctive electrode 
and any ground or reference point would be 
rrlated to the dibtance hetwrzn the two p i n t s ,  
and that therefore the positio:] of the indi5er- 
ent rlrctrode would he inportan;. 

DR. MARKOUCK:  This comrs from ihP error 
of thinking that startrd in this  !Brautifu; mcjno- 

graph of 80 pagrs by Fritz Jerlkner and which 
trivh IO cwridc*nu* thr vxper icncr I J f  flckh') c l i  

more patients. ?Ire irnpt.&ri(.r c h m g r 5  that . 


